Background and Purpose. The purpose of this study was to examine the reliability and validity of data obtained with 2 newly developed shuttle run tests (SRT-I and SRT-II) to measure aerobic power in children with cerebral palsy (CP) who were classified at level I or II on the Gross Motor Function Classification System (GMFCS). The SRT-I was developed for children at GMFCS level I, and the SRT-II was developed for children at GMFCS level II. Subjects. Twenty-five children and adolescents with CP (10 female, 15 male; mean ageϭ11.9 years, SDϭ2.9), classified at GMFCS level I (nϭ14) or level II (nϭ11), participated in the study. Methods. To assess test-retest reliability of data for the 10-m shuttle run tests, the subjects performed the same test within 2 weeks. To examine validity, the shuttle run tests were compared with a GMFCS level-based treadmill test designed to measure peak oxygen uptake. Results. Statistical analyses revealed test-retest reliability for exercise time (number of levels completed) (intraclass correlation coefficients of .97 for the SRT-I and .99 for the SRT-II) and reliability for peak heart rate attained during the final level (intraclass correlation coefficients of .87 for the SRT-I and .94 for the SRT-II). High correlations were found for the relationship between data for both shuttle run tests and data for the treadmill test (r ϭ.96 for both). Discussion and Conclusion. The results suggest that both 10-m shuttle run tests yield reliable and valid data. Moreover, the shuttle run tests have advantages over a treadmill test for children with CP who are able to walk and run (GMFCS level I or II Research Report ⅷ ўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўў ўўўўўўўўўўўўўўўўўўўўўўўўўўўўўў M aximal aerobic power is an important component of physical fitness and often is used to measure the effect of physical exercise training. It also is used to assess cardiovascular capacity as well as the level of fitness in children and adolescents with cerebral palsy (CP). 1 Ascertaining maximal aerobic power is the most common way to assess the outcome of physical exercise training 2 in children with CP. Peak oxygen uptake (V o 2 peak) determined at the limits of exhaustive treadmill or cycle exercise is generally viewed to be the best physiologic marker of aerobic fitness. 3 Currently, tests for assessing aerobic power in children with CP that are clinically practical and easy to use and that yield reliable and valid data are absent. Most of the available literature has focused on assessments of V o 2 peak using cycle ergometry 4 or arm ergometry. 5 Treadmill running engages a larger muscle mass than does cycling 6 ; therefore, V o 2 peak is typically 8% to 10% higher during treadmill running than during cycle ergometry. 7 A major disadvantage of cycle ergometry in children is that a high proportion of the total power output is generated by the quadriceps femoris muscle and the effort required to push the pedals during the later stages of a progressive test is high in relation to muscle strength (force-generating capacity). 8 Children with CP have weak quadriceps femoris muscles. 9 The maximal performance during a cycle ergometry test, therefore, can be limited by a peripheral factor. Still, many researchers reported V o 2 peak of children with CP using the cycle ergometer. 4, 10, 11 For children who are able to walk independently, the most functional way to assess their maximal aerobic power would be a walking-or running-based exercise test. The treadmill protocols that currently are often used in clinical practice (Bruce protocol and Balke protocol) are not appropriate for children with CP. 1 For most children with CP who have problems with movement coordination and an equinus position of the foot, the increasing speed and inclining floor are problematic and difficult. Research, however, has shown that it is possible for children with CP to perform a maximal exercise test on a treadmill, 12,13 although there is no published standardized protocol for administering V o 2 peak tests to those children.
M aximal aerobic power is an important component of physical fitness and often is used to measure the effect of physical exercise training. It also is used to assess cardiovascular capacity as well as the level of fitness in children and adolescents with cerebral palsy (CP). 1 Ascertaining maximal aerobic power is the most common way to assess the outcome of physical exercise training 2 in children with CP. Peak oxygen uptake (V o 2 peak) determined at the limits of exhaustive treadmill or cycle exercise is generally viewed to be the best physiologic marker of aerobic fitness. 3 Currently, tests for assessing aerobic power in children with CP that are clinically practical and easy to use and that yield reliable and valid data are absent. Most of the available literature has focused on assessments of V o 2 peak using cycle ergometry 4 or arm ergometry. 5 Treadmill running engages a larger muscle mass than does cycling 6 ; therefore, V o 2 peak is typically 8% to 10% higher during treadmill running than during cycle ergometry. 7 A major disadvantage of cycle ergometry in children is that a high proportion of the total power output is generated by the quadriceps femoris muscle and the effort required to push the pedals during the later stages of a progressive test is high in relation to muscle strength (force-generating capacity). 8 Children with CP have weak quadriceps femoris muscles. 9 The maximal performance during a cycle ergometry test, therefore, can be limited by a peripheral factor. Still, many researchers reported V o 2 peak of children with CP using the cycle ergometer. 4, 10, 11 For children who are able to walk independently, the most functional way to assess their maximal aerobic power would be a walking-or running-based exercise test. The treadmill protocols that currently are often used in clinical practice (Bruce protocol and Balke protocol) are not appropriate for children with CP. 1 For most children with CP who have problems with movement coordination and an equinus position of the foot, the increasing speed and inclining floor are problematic and difficult. Research, however, has shown that it is possible for children with CP to perform a maximal exercise test on a treadmill, 12, 13 although there is no published standardized protocol for administering V o 2 peak tests to those children.
Although the "gold standard" assessment of exercise tolerance in children can be measured in a laboratory using a treadmill, the necessary equipment is expensive and may not be readily accessible. Thus, substantial logistical problems must be overcome before a child with CP can be assessed on the treadmill, and there is a clinical need to develop and validate field tests of exercise tolerance in children and adolescents with CP.
Shuttle run tests are field tests in which a participant walks or runs between 2 markers. These tests are potentially useful measures of exercise tolerance. Because there is no need for expensive equipment, shuttle run tests can easily be administered in a clinical setting. The shuttle run test commonly used is the 20-m shuttle run, which was developed and validated by Leger et al. 14 This test has been demonstrated to be an effective measure of the aerobic fitness in subjects who were healthy. 15, 16 Validity has been determined in children who are developing typically, 14, 17, 18 in athletes, 19 and in a sedentary adult population. 20 For most children and adolescents with CP, the 20-m shuttle test is not suitable, because the starting speed (8 km/h) and the increase (0.5 km/h) every minute are beyond their capabilities. Several experiments with the 20-m shuttle test showed that most of the children and adolescents with CP who were able to walk independently were not able to complete the first level of the test or reached exhaustion before 5 minutes. A continuous progressive exercise lasting 8 to 17 minutes is optimal for achieving a maximal myocardial oxygen demand for diagnostic and prognostic purposes. 21 To facilitate assessment in children, the tests should be nonthreatening, inexpensive, and easy to administer. 22 For this reason, we developed 2 treadmill protocols and shuttle run tests for children with CP who are classified at level I or II on the Gross Motor Function Classification System (GMFCS). 23 To achieve a maximal exercise duration between 8 to 17 minutes, the GMFCS classification seems to be a useful system to distinguish between the 2 groups-children with a level I classification, who are able to run, and children with a level II classification, who encounter more difficulties while running. Therefore, we developed 2 different protocols with different starting speeds.
In this study, we examined the test-retest reliability and validity of data obtained with a GMFCS level I-specific 10-m shuttle run test (SRT-I) and a GMFCS level IIspecific 10-m shuttle run test (SRT-II). We also evaluated the feasibility of both tests for use with children with CP.
Materials and Methods

Subjects
A convenience sample of 30 children and adolescents from a school for special education were invited to participate in the study. To be included, subjects were required to be within the age range of 7 to 20 years, had to be diagnosed with CP, and classified at level I or II on the GMFCS. 23 Cognitively, they had to be capable of following simple commands. Twenty-five subjects (15 male, 10 female) and their parents agreed to participate and signed an informed consent form. Group characteristics according to GMFCS level are described in Table 1 .
Procedure
Prior to testing, each child was weighed on electronic scales.* Height measurements were taken on the same visit while the child was standing against a wall. Body composition was assessed using the sum of 7 skinfold measurements according to the method described by Pollack et al. 24 The skinfold measurements were taken at 7 sites on the right side of the body (triceps, biceps, subscapular, suprailiac, mid-abdominal, medial calf, and front thigh) by 2 of the investigators (OV and TT) in accordance with the American College of Sports Medicine guidelines. 25 
Study Design
To assess test-retest reliability of data for the 10-m shuttle run tests, each subject performed one shuttle run test (SRT-I or SRT-II) 2 times. To assess the validity of data for both shuttle run tests, the V o 2 peak values obtained with gas analysis during the GMFCS level-based treadmill test and the shuttle run tests were compared. The treadmill test and the shuttle run tests were separated by a minimum of 2 days and a maximum of 7 days (Xϭ4.1, SDϭ1.4).
* Seca, Hamburg, Germany. Treadmill testing on all subjects was performed using protocols that we developed. Subjects with a level I or II classification on the GMFCS performed different protocols. All subjects practiced walking on the treadmill before testing for a maximum of 3 minutes. The SRT-I was used for the subjects who were classified at level I on the GMFCS, and the SRT-II was used for the subjects who were classified at level II on the GMFCS.
To assess validity, we compared the V o 2 peak achieved on the treadmill and the V o 2 peak achieved on the 10-m shuttle run test. During the study, all subjects performed 1 treadmill test and 2 identical shuttle run tests within 2 weeks to assess the reproducibility of the measurements. One shuttle run test and the treadmill test were performed while the subjects were wearing a facemask for gas analysis. The subjects also completed one shuttle run test without a facemask and consequently no gas analysis. One child did not wear a facemask because the thought of breathing through the mouthpiece frightened her, and only the heart rate was monitored during all tests for that subject. The testing was done while the subjects were wearing regular sportswear and shoes, and orthoses if applicable.
In the tests followed by gas analysis, the subjects wore a firmly fitted facemask attached to a calibrated mobile gas analysis system (Cortex Metamax B 3 ) † with an in-built gas analyzer, which allowed breath-by-breath gas analysis throughout the tests. Measurements of cardiopulmonary variables were collected. Before each trial started, the subjects rested until 1 minute had passed without an increase in heart rate. The subjects' heart rate was measured continuously, and the measurements were saved to a storage device during all tests using a reliable and accurate heart rate monitor. ‡, 26 The Cortex Metamax is a valid and reliable system for measuring ventilatory parameters during exercise. [27] [28] [29] The mobile gas analysis system consisted of a facemask, a transmitting unit (containing different oxygen and carbon dioxide gas analyzers), and a receiving unit. The transmitting unit with facemask and tubing (total weightϭ0.57 kg) was attached to the subjects with a harness, and the receiving unit was connected to a laptop computer located within 500 m of the transmitting unit. Metabolic stress test software (Metasoft, Version 2.6) ‡ was used to measure breath-by-breath minute ventilation, oxygen consumption (V o 2 ) carbon dioxide production (V co 2 ), and heart rate and to calculate the respiratory exchange ratio (RERϭV co 2 /V o 2 ). During all tests, the subjects were verbally encouraged to run as long as possible.
During the shuttle run tests without gas analysis, only the subjects' heart rate was monitored. The heart rate was read from the wrist monitor at the end of the test and recorded on the datasheet.
Measures and Treadmill Test and 10-m Shuttle Run Test Protocols
GMFCS. The GMFCS, translated into the Dutch language, was used by a pediatric physical therapist (OV), who was experienced in using the GMFCS, to classify the children and adolescents with CP into groups based on their functional ability. Level I represents the highest level of functional abilities, and level V represents the lowest level of functional abilities. Due to the physical demands of the tests, only children and adolescents who were classified at GMFCS level I (able to walk indoors and outdoors and climb stairs without limitation) or level II (able to walk indoors and outdoors and climb stairs holding on to a railing, but experience limitations in walking on uneven surfaces and inclines and in walking in crowds or confined spaces) were recruited. The original GMFCS has been reported to yield reliable and valid data for children aged 6 to 12 years. 23 Children over 12 years of age were classified using the same criteria as those used for 6-to 12-year-olds.
Treadmill tests. We could not adhere to "classic" treadmill protocols (Bruce protocol or Balke protocol) because they are not appropriate for children with CP due to the gait disturbance and accompanying problems. We performed a pilot study to develop the new test protocols. The starting speed and increase in speed were adjusted until mean total exercise time was between 8 and 17 minutes. 21 After this pilot study, we developed 2 treadmill protocols: 1 protocol for children who are classified at level I on the GMFCS and 1 protocol for children who are classified at level II on the GMFCS.
Our protocols started at 5 km/h for the GMFCS level I treadmill test and at 2 km/h for the GMFCS level II treadmill test. Speed was increased 0.25 km/h every minute by the assessor. Jones and Doust 30 showed that at the 2 lowest speeds, V o 2 during road running was not significantly different from treadmill running at low grades. Therefore, throughout the test we used a slope of 2% to compensate for the lack of air resistance, which results in a lower energy cost. With this incline on the treadmill, the results can be compared with those obtained during indoor running at the same speed. 30 When walking, the subjects were permitted to support themselves with their fingers on the guardrails of the † Cortex Medical GmBh, Leipzig, Germany. ‡ Polar, Kempele, Finland. § This treadmill is modified to accommodate the width of a wheelchair and is equipped with side guards. Children with a broad-based gait and other gait disturbances can stay more easily on this kind of treadmill. To ensure that the subjects were safe during the test, a therapist assisted them while walking behind or next to them. An emergency button was always within reach of the subjects and the therapist.
A maximal exercise test on the treadmill was done after a 3-minute treadmill practice session to familiarize the subjects with the equipment. The speed during this session was 2 km/h, and the practice session was followed by a 5-minute rest. The subjects were encouraged to push themselves to their limits, and the test was stopped when the subjects were unable or refused to continue the test despite encouragement.
All tests were performed under standardized conditions in a laboratory environment. The subjects maintained their normal diet before the day of testing. Only light physical activity was performed on the day before testing, and on the test day, subjects did not exercise before their test visit. During their visit, the subjects were given adequate explanation of the proposed protocol and its objectives.
10-m shuttle run tests.
Two new shuttle run tests for children with a GMFCS level I or II classification were developed. The starting speed and the increase in speed every minute are the same as for the treadmill protocol-5 km/h for the SRT-I and 2 km/h for the SRT-IIwith the speed increased 0.25 km/h every minute.
Both shuttle run tests require children to walk or run between 2 markers delineating the respective course of 10 m, at a set incremental speed determined by a signal, which is played by a standard CD player. All subjects were accompanied by a physical therapist during the test to help them pace themselves with the audio signal. At the end of each level, the subjects were told to go a little faster. The test was finished when, on 2 consecutive paced signals, the subjects were more than 1.5 m away from the marker. Total exercise time was recorded and used for analysis.
The treadmill test and the shuttle run test with gas analysis were supervised by 2 experienced assessors (OV and TT). The shuttle run test without gas analysis was supervised by assessor (OV) and one pediatric physical therapist who was randomly chosen out of a sample of 6 therapists with no experience or formal training. One therapist was instructed to encourage the child, and 1 therapist (OV) accompanied the child during the test.
Feasibility
At the completion of the tests, subjects were asked a standardized question: "Which of the 2 tests, shuttle run or treadmill, did you prefer, and why?" All of the answers were recorded by the investigator for analysis.
Data Analysis
Limits of agreement also were calculated according to the procedure described by Bland and Altman. 32 A Bland-Altman plot is a graphic representation of the individual subject differences between the tests plotted against the respective individual means. Using this plot rather than the conventional test-retest scattergram, a rough indication of systematic bias and random error is provided by examining the direction and magnitude of the scatter around the zero line, respectively. BlandAltman analysis describes the level of agreement between 2 measurements. In this analysis, the "precision" indicates how well the methods agree for an individual. By multiplying the precision by 1.96, the "limits of agreement" are calculated. This calculation represents the 95% likely range for the difference between a subject's scores on 2 tests and is an indicator of absolute reliability. Typical error and total error were calculated as described by Hopkins. 33 Typical error was calculated as the standard deviation in each subject's measurements between tests, after any shifts in the mean had been taken into account, and was expressed as a percentage of the subject's mean score to obtain a more easily interpretable percentage score. This percentage is also known as the "coefficient of variation." Total error was calculated as the average of all individual standard deviations for heart rate and time, based on the data of the 2 trials. 34 The level of statistical significance was set at Pϭ.05.
In order to assess the amount of error associated with repeated measurements, the standard error of measurement (SEM) was calculated. 34 Standard errors of measurement between the 2 shuttle run test sessions were computed by applying a 95% confidence interval. To § Enraf, Delft, the Netherlands. determine whether there were significant differences for peak heart rate and exercise time between the treadmill tests and the shuttle run tests, the data were compared using paired t tests. Correlation coefficients (Pearson r) for V o 2 peak achieved during treadmill tests and shuttle run tests were computed for validity. A linear regression analysis with a backward elimination procedure also was performed to determine which measures could significantly predict V o 2 peak in children and adolescents with CP.
Results
Peak RER was Ն1.0 and peak heart rate was Ͼ180 bpm in all subjects. These variables indicate that a maximal effort was reached during all tests.
Test-Retest Reliability for 10-m Shuttle Run Tests
The physiological variables measured during both shuttle run tests are described in Table 2 . The test-retest reliability statistics of both exercise performances are shown in Table 3 and illustrated in Figures 1 and 2 .
Intraclass correlation coefficients (2-way mixed) for heart rate and exercise time were .87 or above for both shuttle run tests.
There were no significant differences in maximal heart rate and total exercise time between the 2 shuttle run tests. The results indicate that both 10-m shuttle run tests have good reproducibility.
The SEM values are shown in Table 2 .
The SEM values for exercise time ranged from 0.25 for the SRT-II to 0.42 for the SRT-I, and the SEM values for peak heart rate ranged from 1.52 for the SRT-II to 2.56 for the SRT-I.
Validity for 10-m Shuttle Run Tests and Treadmill Tests
Both 10-m shuttle run tests were compared with the treadmill tests for validity of V o 2 values. The peak heart rate values obtained during the GMFCS level I treadmill test (Xϭ192.9 bpm, SDϭ6.2) and the GMFCS level II treadmill test (Xϭ193.1 bpm, SDϭ6.1) were significantly lower (PϽ.05) from those obtained during the GMFCS level I and II shuttle run tests (Xϭ200.6 bpm, SDϭ6.7, and Xϭ199.4 bpm, SDϭ6.8, respectively). The subjects reached this higher peak heart rate in a significantly (PϽ.05) shorter time during the shuttle run tests compared with the treadmill tests (Tab. 4).
The physiological variables measured on both tests in which V o 2 peak values were obtained are described in Table 4 . Validity statistics for the shuttle run tests and the treadmill test in which V o 2 peak values were obtained are shown in Table 5 and Figure 3 . Pearson correlation coefficients for V o 2 peak achieved during the shuttle run test with gas analysis and the treadmill test were .96 for subjects with a level I classification on the GMFCS and .96 for subjects with a level II classification on the GMFCS. The results indicate that both 10-m shuttle run tests are valid measures of aerobic capacity (V o 2 ) in children and adolescents with CP.
Feasibility
The tests were generally well tolerated by the subjects. At the completion of tests, subjects were asked a standardized question: "Which of the 2 tests, shuttle run or treadmill, did you prefer, and why?" Of the 25 subjects, 23 preferred the shuttle run test over the treadmill test, 1 preferred the treadmill test over the shuttle run test, a ICCϭintraclass correlation coefficient, LOAϭlimits of agreement, CVϭcoefficient of variation, HRpeakϭpeak heart rate.
and 1 did not favor any type of testing. Predominant reasons for the shuttle run test preference were that the subjects felt they were in control of the test and did not need to acquire new skills. Several subjects added that they could "try harder" with the shuttle run test than in the treadmill test because they knew they "could stop at any time." Moreover, their gait disturbance was less of a problem during this field exercise test compared with the treadmill test.
A backward regression analysis indicated that V o 2 peak or V o 2 peak/kg could not be predicted from treadmill exercise time, maximal treadmill running speed, maximal shuttle run test running speed, or GMFCS level. The only significant predictors of V o 2 peak and V o 2 peak/kg were sex and body weight: Xϭ0.29 ϫ weight Ϫ0.474(sex)[1ϭmale, 2ϭfemale] ϩ 1,159; r ϭ.84, PϽ.0001; standard estimate of errorϭ0.31.
Discussion and Conclusions
Field testing is widely used to estimate aerobic capacity in children and adolescents because it is impractical to obtain laboratory measurements for large groups of people. 14, [35] [36] [37] [38] Although it is generally agreed that cardiovascular field tests are good measures of cardiorespiratory fitness, it is sometimes difficult to compare individuals' performance on different field tests because scores are not often converted into V o 2 peak values. Furthermore, to date, there are no validated field tests for children and adolescents with CP. The results of this study demonstrate that both recently developed 10-m shuttle run tests are reproducible, clinically applicable, and valid measures in children and adolescents with CP.
The shuttle run tests and treadmill tests were similar in that steady increments in heart rate with an increase in exercise intensity were apparent. The peak heart rate during the treadmill tests was different from that obtained during the shuttle run tests. The subjects reached a higher peak heart rate in a shorter time during the shuttle run tests. As with conventional maximal tests, there was a linear relationship between heart rate and V o 2 in the shuttle run and treadmill tests. Thus, while the newly developed shuttle run tests do not in any way challenge the use and significant benefits of conventional methods of exercise testing, our study suggests that both shuttle run tests have several characteristics that are similar to the accepted gold standard.
A limitation of this study is the fact that the treadmill V o 2 setup has never been validated in children and adolescents with CP. However, pilot testing showed that measurements of maximal V o 2 during an exercise test on the treadmill were reproducible. Together with the high maximal heart rates obtained in our subjects and the high RER values, 39 one might assume that treadmill testing yields valid measurements of maximal V o 2 in children and adolescents with CP. Therefore, we used the treadmill protocol as the gold standard, and we compared the results of the treadmill tests with the results of both shuttle run tests.
There are important differences between the shuttle run tests and the treadmill tests. First, during the shuttle run tests, a child is allowed to run faster than the set speed. The energy cost of changing direction (by 180°in the Bland-Altman plot of exercise time during measurement 1 and measurement 2 for Gross Motor Function Classification System (GMFCS) levels I and II. The bold-type line shows the mean difference between the 2 measurements, and the 2 thin lines indicate Ϯ2 standard deviations. On the X-axes, the average exercise time from both tests is displayed. On the Y-axes, the difference between the exercise times during measurement 1 and measurement 2 is displayed.
Figure 2.
Bland-Altman plot of peak heart rate (HRpeak) during measurement 1 and measurement 2 for Gross Motor Function Classification System (GMFCS) levels I and II. The bold-type line shows the mean difference between the 2 measurements, and the 2 thin lines indicate Ϯ2 standard deviations. On the X-axes, the average HRpeak from both tests is displayed. On the Y-axes, the difference between the HRpeak during measurement 1 and the HRpeak during measurement 2 is displayed.
case of the shuttle run tests) and of decelerating and then accelerating is greater than continually running in a straight line on a treadmill. Children who are efficient in changing direction will be favored in this test compared with children who are poor in changing direction. However, in daily life, children require repeated changes of direction. Thus, the shuttle run tests may be more useful in predicting physical performance than a continuous gas analysis V o 2 peak test on a treadmill. Second, when running on a treadmill, it is not possible to run faster or slower than the treadmill, because the running speed is externally paced. While performing the shuttle run tests, it is possible for a person to walk faster than the speed determined by the signal.
For some children, it is difficult to run at the audio signal that determines the running speed. Therefore, it is recommended that during the first stages of the test, a person should assist the child. 40 If the child understands the principle of the shuttle run tests, he or she can continue the test without assistance. If children have problems pacing themselves, they should be accompanied throughout the test. In these situations, an extra person to collect reliable and valid shuttle run test information is necessary.
In our study, there was no difference between the shuttle run tests for heart rate and exercise time. However, in both 10-m shuttle run tests, the exercise time was shorter than in the treadmill tests. This difference may have been due to the fact that a lot of energy was used to make a turn every 10 m. Some authors 10, 41 have stated that the energy used for postural stabilization, high muscle tone, and involuntary movements causes an increase in V o 2 during submaximal exercise. During the treadmill tests in our study, the energy used for stabilization may have been low because the subjects were allowed to hold on to the guardrails with their fingers.
In the rehabilitation and fitness setting, V o 2 peak is often estimated from the maximal speed and grade attained during a maximal treadmill exercise test. 28 For the exact determination of V o 2 peak during exercise, a respiratory gas analysis system is necessary. However, this equipment is expensive and not always available. It would be of value if the V o 2 peak could be predicted from surrogate mea- Bland-Altman plot of peak oxygen uptake (V O 2 peak) during shuttle run tests with gas analysis (SRT-STG) and treadmill tests for Gross Motor Function Classification System (GMFCS) levels I and II. The bold-type line shows the mean difference between the 2 measurements, and the 2 thin lines indicate Ϯ2 standard deviations. On the X-axes, the average V O 2 peak from both tests is displayed. On the Y-axes, the difference between the V O 2 peak during the treadmill tests and the V O 2 peak during the SRT-STG is displayed. ўўўўўўўўўўўўўўўўўўўўўўў sures in children with CP, because many clinicians do not have a respiratory gas analysis system. Unfortunately, in our study, neither maximal running speed nor treadmill exercise time could accurately predict V o 2 peak in children with CP. Therefore, the shuttle run tests could be used only as an instrument to monitor changes in exercise capacity. The exercise time or level achieved is the most useful outcome measure. The heart rate during the shuttle run tests can be used to check whether a child has performed maximally (heart rate Ͼ180 bpm).
The calculated SEM can be used to determine the range in which a person's "true score" could be expected to lie, considering the amount of error associated with repeated measures. For example, we can be 95% confident that the "true score" for people performing the shuttle run tests lies within Ϯ2 SEM. Thus, a change in person's performance of greater than 2 SEM most likely represents a real change that may not be attributed to measurement error. Based on the data in the "Results" section, total increases of Ͼ0.84 (2 ϫ 0.42) minute for the SRT-I and 0.50 (2 ϫ 0.25) minute for SRT-II could be attributed to real change with 95% confidence.
In this study, the subjects demonstrated a preference for the 10-m shuttle run tests over the treadmill tests. The shuttle run tests are nonthreatening and can be easily performed. A person can terminate the test at any point that he or she chooses. Moreover, as shuttle run tests require a child to either run or walk between 2 markers, the tests do not necessitate acquisition of new skills to participate. Shuttle run tests can be widely used in a mainstream school, schools for special education, or rehabilitation centers. None of the children or adolescents in our study required extensive instructions to participate. Both field tests seem to be useful for evaluating the aerobic performance of children and adolescents who are classified at level I or II on the GMFCS.
